Over one million ragpickers collect and sale recyclable materials from municipal solid wastes (MSW) in India for a living. Since MSW contains a host of pathogenic microorganisms, we investigated the occurrence of airway inflammation and its underlying mechanism in 52 non-smoking female ragpickers (median age 29 yr) and 42 control women matched for age, smoking habit and socioeconomic conditions in Kolkata, eastern India. Methods: Spontaneously expectorated sputum were stained using the Papanicolau method for cytology, and flow cytometry was used for measurements of surface expression of β 2 Mac-1 integrin (CD11b/CD18) on leukocytes and P-selectin on platelets. The concentrations of pro-inflammatory cytokine tumor necrosis factor-alpha (TNF-α) and chemokine interleukin-8 (IL-8) were measured in plasma by enzyme-linked immunosorbent assay. Results: Compared with controls, sputum samples of ragpickers contained significantly increased numbers of alveolar macrophages, neutrophils, eosinophils and lymphocytes, suggesting airway inflammation. Circulating neutrophils and monocytes of the ragpickers overexpressed CD11b/CD18 and their platelets had upregulated surface expression of P-selectin, implying functional activation of these cells. In addition, plasma levels of IL-8 and TNF-α were significantly increased, indicating greater trafficking of leukocytes from circulation to the tissues. Multivariate logistic regression analysis demonstrated a positive association between the ragpicking profession and leukocyte activation after controlling for potential confounders. Conclusions: Ragpickers experience leukocyte and platelet activation and airway inflammation that could make them more vulnerable to tissue damage and cardiovascular diseases. (J Occup Health 2009; 51: 232-238) 
India has undergone rapid industrialization and urbanization in the last two decades following the government's economic liberalization policy. The populations of cities are increasing as more people are moving from rural to urban areas to earn a living. With greater purchasing power, the urban populace is consuming more resources and generating more wastes. As a consequence municipal solid waste (MSW) generation in the country has increased significantly in the last few decades 1) . It has been estimated that about 25% of household-generated and 51% of wastes generated by commercial establishments (mainly paper) are recyclable. A large number of poor, socially marginalized urban people earn their living recycling these wastes. Currently there are about one million ragpickers in the country who scavenge the city's garbage bins and MSW disposal sites to salvage recyclable materials, such as paper, plastic and glass, for a living 2) . Kolkata (formerly Calcutta) alone shelters 100,000 ragpickers and another 300,000 operate in Delhi.
A substantial number of ragpickers in India are women and children. They usually live in urban slums or on city pavements in poor unhygienic conditions. They rarely use gloves, masks or other protective gear. Most wear sandals, usually retrieved from the waste, that expose a substantial part of their feet to garbage. MSW in India contains more moisture due to hot and humid conditions, and this facilitates the breeding of pathogens. Moreover, medical wastes, including used needles, blood and body fluidstained cottons, diapers and sanitary napkins, are quite often mixed with MSW despite government laws forbidding it 3) . Thus, the ragpickers expose themselves to a host of pathogens during waste picking that may lead to the spread of various communicable diseases 4) . Therefore, although ragpickers help with the disposal of wastes and recycling of resources, their activity may pose a threat to public health in general, and their own in particular.
Despite the fact that ragpicking is a means of livelihood for millions of poor people in developing countries, little is known about the health hazard associated with this occupation. In an earlier study, we reported poor general and respiratory health among ragpickers in India 5) . We found a marked reduction in lung function in a large majority of ragpickers, and a substantial number of them had airway obstruction with reduced forced expiratory volume in one second (FEV 1 ) and its ratio with respect to forced vital capacity (FVC; FEV 1 /FVC), suggesting the possibility of airway inflammation. As an extension of that study, we examined in the present investigation airway inflammation by sputum cytology and explored the underlying mechanism by examining cell adhesive molecules on circulating leukocytes and proinflammatory cytokines and chemokines in peripheral blood. Since cell adhesion molecules like P-selectin (CD 62P) on platelets and membrane-activated complex-1 (Mac-1; CD11b/CD18), a β 2 integrin, on leukocytes along with proinflmmatory cytokine tumor necrosis factor-alpha (TNF-α) and neutrophil chemoattractant CXC chemokine interleukin-8 (IL-8; CXCL 8) play critical roles in host defense against invading pathogens by mediating inflammation 6) , we were interested to know the status of these cellular regulatory molecules in ragpickers.
Materials and Methods

Subjects and working conditions
Fifty-five pre-menopausal women ragpickers (age 23-53 yr, median age 29 yr) and 42 control women (age 24-50 yr, median age 31 yr) of Kolkata (formerly Calcutta) with comparable socio-economic status were enrolled in this study. Most of the ragpickers were migrants from rural areas of the state. They live in slums or on city pavements. They work in groups of 2-5 from early morning till afternoon, usually 8-12 h per day, 6-7 days a week. They do not use mask, gloves or shoes and rummage through the garbage, holding in their bare hands a short curved iron stick for segregation of wastes and picking up anything valuable. After a day's hard work they usually collect 5-10 kg of recyclable materials, such as plastic, paper, glass, exhausted batteries etc., from community garbage bins from different city localities and the landfill area, that fetches a price of approximately 40-50 rupees (US$ 1.0). Housemaids represented the control group. They work 8-12 h/day, 6-7 days per week within the city. The demographic and socio-economic characteristics of ragpickers and the control subjects are compared in Table 1 .
Inclusion and exclusion criteria
Adult (aged ≥21 yr) pre-menopausal females engaged for the last 5 yr or more in waste picking and selling for a livelihood were enrolled in this study as ragpickers. Exclusion criteria were smoking habit, currently under medication for any ailment, pregnancy or lactation as these factors may influence leukocyte activities. Child and adolescent waste pickers, having physiology different from that of adults, were also excluded from this study. Background information about age, marital status, family, working conditions, smoking and tobacco chewing habit, education, monthly income, etc. was collected through personal interview with a structured questionnaire by female investigators of the research team. The Ethics Committee of Chittaranjan National Cancer Institute, Kolkata approved the study protocol.
Sputum cytology
The participants were given a sterile plastic container to collect deep cough sputum after vigorous coughing. The non-transparent highly viscous parts of sputum were taken and smeared on clean glass slides. Three smears were made for each subject, and the slides were fixed immediately at the site of collection in dehydrated ethyl alcohol for 30 min for Papanicolau staining. Papanicolau (Pap) staining was done by the standard method 7) and the slides were coded and screened for cytology by established procedure 8) . The smears were considered as being representative of the lower part of the airway when either cylindrical epithelial cells or alveolar macrophages (AM) or both were found. At least 20 high power fields (hpf; 40× objective and 10× eyepiece) in each slide were examined, and the mean value of three slides was taken as individual data.
Hematology
Blood was collected after obtaining informed consent by venipuncture using a 21-gauge needle fitted to a 5-ml sterile, disposable polypropylene syringe and transferred immediately into sterile K 3 EDTA anticoagulant-smeared vacutainers (Becton Dickinson [BD], USA). Routine hematological parameters were examined by standard procedures 9) .
Expression of CD11b/CD18 on leukocytes by flow cytometry
Expression of CD11b/CD18 on peripheral blood neutrophils and monocytes was measured by flow cytometry 10) . In essence, 50 µl of EDTA-anticoagulated whole blood was labeled with 20 µl of fluorescein isothiocyanate (FITC)-conjugated anti-human CD11b and 20 µl of phycoerythrin (PE)-conjugated anti-human CD18 monoclonal antibodies or with irrelevant isotype control antibodies (BD Pharmingen, USA) for determination of nonspecific fluorescence. The samples were mixed gently and incubated for 30 min in the dark at room temperature. Thereafter the erythrocytes were lysed with 2 ml of 1× FACS lysing solution (BD, USA), and the samples were centrifuged at 500 g for 5 min. The cell pellet was washed with ice-cold phosphate-buffered saline (PBS) containing 0.1% sodium azide and re-suspended in 500 µl of 1% paraformaldehyde in PBS. The samples were analyzed in a flow cytometer (FACS Calibur with Sorter, BD, San Jose, CA, USA) using Cell Quest software (BD, USA). The monocyte and neutrophil populations were identified on the basis of their characteristic forward scatter (FSC) and side scatter (SSC) dot plot profiles, and confirmation of the monocytes was done by specific binding with PE-anti CD14 (BD Pharmingen, USA). About 20,000 events were acquired for each sample, target cell populations were gated, and the percentage of labeled cells was determined. The relative intensity of CD11b and CD18 fluorescence on monocytes and neutrophils was expressed as mean fluorescence intensity (MFI) after subtracting the MFI of negative isotype control.
P-selectin
P-selectin expression on the surface of circulating platelets was measured following the procedure of Michelson et al. 11) . It was based on immediate sample preparation and whole blood platelet assay without cell separation and washing. Blood was collected in EDTA and diluted in HEPES-Tyrode's buffer. Then, FITCconjugated anti-human CD 41a and RPE-conjugated antihuman CD 62P monoclonal antibodies (BD, USA) were added. The samples were incubated in the dark for 30 min at room temperature. After fixation in 0.5% paraformaldehyde (E. Merck, India), 10,000 events were analyzed in a flow cytometer (FACS Calibur with sorter, Becton Dickinson, San Jose, CA, USA) for forward scatter, side scatter, FL-1 (FITC-41a) and FL-2 (RPE-CD 62P) values using Cell Quest software (BD, USA). Data acquisition and analysis were performed using Cell Quest software (BD, USA).
TNF-alpha and IL-8 by ELISA
Interleukin-8 (IL-8) was quantitatively assessed in streptavidin-coated microtiter plates by photometric enzyme-linked immunosorbent assay (ELISA) using a commercially available kit (Roche Diagnostics GmbH, Mannheim, Germany, Cat. #1967932). TNF alpha was assessed using a BD OptEIA ELISA kit (Human TNF ELISA kit II; Cat. # 550610, BD Biosciences, San Diego, CA, USA) following the manufacturer's instructions.
Statistical analysis
The results were statistically analyzed by Chi-square test and Student's t test, and p<0.05 was considered significant. Logistic regression analysis of data was done by SYSTAT 9.0 (SPSS, Chicago, IL, USA) statistical package.
Results
Demographic characteristics
The ragpickers and control women were comparable with respect to age, body mass index, smoking habit, exposure to environmental tobacco smoke from smokers in family, education, family size, mosquito repellant use, food habit and monthly income (Table 1) . However, the ragpickers were more addicted to the tobacco chewing habit (38.2% vs. 28.6% in control, p<0.01), and they were more dependent on biomass fuels such as wood, paper and hay collected from discarded packing boxes and stationeries for daily household cooking.
Hematological changes
Compared with control women, ragpickers had reduced hemoglobin and erythrocyte levels. But they had elevated numbers of total leukocytes, neutrophils, eosinophils and monocytes in peripheral blood ( Table 2 ). The absolute numbers of monocytes and eosinophils in circulation were increased 3 times over controls and the rise in the number of circulating neutrophils was 22%. However, no discernible change was recorded in the number of circulating lymphocytes between ragpickers and controls.
Besides numerical changes, blood cells of the ragpickers displayed several morphological alterations. Hypochromic red cells, i.e. RBC with low hemoglobin, were 2 times more prevalent in ragpickers than in controls (47.3 vs. 21.4%, p<0.05). Similarly, RBC anisocytosis (change in cell size: 25.4% ragpickers vs. 14.3% control) and poikilocytosis (change in cell shape: 16.3 vs. 9.5%), toxic granulation in neutrophils, (an indication of bacterial infection and inflammation: 94.5 vs. 64.2%) and giant platelets (larger platelet with greater activity: 7.2 vs. 2.3%) were significantly more prevalent in ragpickers (p<0.05). The results indicate greater prevalence of anemia, bacterial infection and platelet activation in the female ragpickers enrolled in this study.
Sputum cytology
Sputum samples of female ragpickers contained 45% more cells than their control counterparts. Their sputum had 46% excess neutrophils, 55% more alveolar macrophages, 56% more lymphocytes, 133% excess eosinophils and 200% more mast cells (Table 3) , suggesting airway inflammation and bronchial allergic response. 
TNF-alpha and IL-8 by ELISA
The ragpickers showed marked rises in IL-8 and TNF-α levels in plasma. The mean concentration of IL-8 was increased 2.8-fold and that of TNF-α 3-fold over controls (Table 4) .
CD11b/CD18 expression
CD11b and CD18 expressions on neutrophil and monocyte surfaces were significantly increased in ragpickers ( Table 5 ). MFI of CD11b was increased by 66% on neutrophils and by 83% on monocytes. Similarly, CD18 expression in ragpickers was enhanced by 51% and 65% on neutrophils and monocytes respectively ( 
P-selectin expression on platelet surface
In ragpickers, 6.7 ± 2.1% (SD) of circulating platelets expressed P-selectin on their surface in contrast to 1.9 ± 0.5% of P-selectin-expressing platelets in circulation of control subjects (p<0.001; Fig. 1 ). Logistic regression analysis controlling for tobacco chewing and indoor air pollution from biomass burning as possible confounders showed that ragpicking was positively associated with upregulation of platelet P-selectin expression (OR=2.69; 95% CI, 1.44-5.22).
Discussion
The ragpickers participating in this study exhibited signs of leukocyte and platelet activation manifested by overexpression of β 2 Mac-1 integrin and P-selectin on circulating leukocytes and platelet surfaces, respectively. An excess of inflammatory cells in sputum, rises in TNF-α and IL-8 levels in plasma, peripheral blood leukocytosis and toxic granulation in neutrophils observed in association with leukocyte and platelet activation can be interpreted as an indication of increased inflammatory Results are mean ± SD; *, p<0.0001 compared with control.
response among ragpickers. Although the ragpickers and controls were comparable with respect to age, BMI, marital status, education, food and smoking habit, ragpickers in general had poor health, which was reflected in lowered hemoglobin and RBC aniso-poikilocytosis. Besides, they depended more on biomass fuel for daily household cooking. Compared to LPG and other fuels, biomass burning causes higher levels of indoor air pollution, and biomass smoke contains very high amounts of particulate and gaseous pollutants that usually elicit pulmonary and systemic inflammatory responses 12, 13) . Therefore, the question arises whether the observed changes among the ragpickers are attributable to their occupation or to the higher level of indoor air pollution they experience due to biomass fuel use. This is especially relevant because we earlier reported a strong positive association between biomass smoke exposure and β 2 Mac-1 integrin and P-selectin expressions in Indian women having lower socio-economic status 13) . We tried to address this question by controlling for the impact of biomass smoke in multivariate studies, and the results still showed a positive association between the profession of ragpicking and levels of leukocyte integrin, platelet P-selectin, plasma TNF-α and IL-8. The Spearman rank correlation test also elicited a positive correlation between years of ragpicking and Mac-1 integrin expression. Taken together, leukocyte and platelet activation and rise in proinflammatory cytokine levels in plasma could be attributed, at least in part, to the ragpicking profession. Our findings are in conformity with the reports of other investigators who showed neutrophilia and raised IL-8 concentration in nasal lavage fluid 14) and induced sputum of organic waste collectors 15) . Ragpickers expose themselves to organic wastes while looking for anything recyclable in MSW. Since microorganisms are abundant in organic matter of urban wastes 16) , ragpickers seem more prone to infection that requires activation of the immune system. Neutrophils could play a crucial role in this context as they are highly efficient in defense against invading pathogens through β 2 Mac-1 integrin, the major receptor for complement iC3b 17) . Interaction of C3b/iC3b with integrin mediates pathogen uptake, activation of the NADPH system, induction of respiratory burst, and release of reactive oxygen species that destroy the pathogen 17) . The importance of this integrin in host defense can be judged from the report that showed facilitation of bacterial growth following blockade of leukocyte CD11b/CD18 17) . Neutrophils are among the first cells to respond to inflammation, and circulating platelets help them in this endeavor, first by self-activation, then by mediating integrin expression on the neutrophil surface through release of P-selectin from alpha granules and adenosine tri-and diphosphate from dense bodies 18) . Besides antibacterial activity, Mac-1 integrin molecules mediate antigen presentation and/or T-cell activation 19) . Overexpression of CD11b/CD18 on leukocyte surfaces in ragpickers, therefore, possibly underscores stimulation of immune defense to combat pathogenic microorganisms in their working environment 16) . This is consistent with a report showing higher expression of CD11b on neutrophil and monocyte surfaces during challenge from bacterial pathogens 20) . Sustained overexpression of β 2 Mac-1 integrin, however, could be harmful because it prolongs inflammation by delaying neutrophil apoptosis causing tissue damage 6) . The precise mechanism of integrin overexpression and airway inflammation among ragpickers is currently unknown. It is possible that microorganisms or their products present in MSW are involved, because bacterial endotoxin 15) and viruses 21) mediate TNF-α release from macrophages 22) which, in turn, mediate release of IL-8 from airway epithelial cells that attract neutrophils in the airways 23) . Neutrophils respond to IL-8 via receptors of this chemokine leading to chemotaxis, shape change and CD11b upregulation. TNF-α also facilitates neutrophil migration by inducing β 2 Mac-1 integrin expression 24) . In summary, we found leukocyte and platelet activation, upregulation of pro-inflammatory mediators and airway inflammation among women ragpickers in India. The changes were progressive in relation to years of exposure to MSW. The possible health consequences of the observed inflammatory changes include greater risk of tissue 6) , morbidity and mortality from cardiovascular diseases 25) . Rises in the levels of inflammatory mediators were spectacular in participants who were still young (median age 29 yr); therefore we envisage further increment in the magnitude of the problem with advancing age. The situation warrants the immediate attention of all concerned to this otherwise neglected field of occupational hazard that affects millions of poor people in the developing world. In the light of the findings of this study we advocate mandatory use of protective gear such as nose mask, gloves and shoes for the ragpickers, and their health monitoring at regular intervals. As a long term measure we emphasize the finding of alternative livelihoods for these poor people as the occupation of ragpicking is intimately linked with poverty.
